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PERIODICAL: Vysokomolekulyarnyye soyedineniye, v. 3, no. 9, 19451, 
13845 - 1488 


TEXT: A free-radical chain react:.on mechanism is assumed fcr tne thermal 
jJegradation of vinyl polymers which consists of tne initiation, tne de- 
polymerization, the isomerization, the intermolecular chain transfer, and 
the termination steps. This paper deals exclusively with the thermal 
degradation of linear high polymers with short side chains (srepared with 
Ziegler-Natta type catalysts) containing at least 5000 to 1090C units in 
the chain. The light destruction products were frozen under high vacuum, 
whereby the polymerization of olefins in the distillate is greatly 
eliminated. For th: degradation mechanism of these polymers, the 
following facts noli: (1) tne chief reason for the decrease in molecular 
weight during thermal degradation is the chain transfer; (2) the light 
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distilled off without any change} ‘3) tae light 
degradation produc“s are formed almost exclusively during isomerization, 
whereas the monome: forms during depolymerization} (4) the reaction 
mechanism and, thus, the composition and mean molecular weight of the 
distillation products remain unchanged during degradation (at ocnstant 
tomperature), ag long as the polymer chains are long (mean posymerization ov 
degree above 5 - 10+103); (5) nenconaideratjon of the polymerisation of \ 
the olefins contained in the solid residue Jeadsa to erroreg in tne deter- 
mination of the chain transfer rate which are, hcwever, small at low 
Ggegradat.on degrees, and (6) on the assumption cf long kinetic chains, the 
follcwing relations are found: Woe ¥# +o . Ww S = (AN 
hewing baie dep igo trans! AN oy 
- Woo + AN, pans’! No} (Weep = depolymerization rate, Wien isomerization 
= chain transfer rate, S = thermal degracation Gegresy, 


W 
trans 
MN _ 2 number of bonds ruptured on aepolymerizavion et = number of 
par) 


bonds ruptured on isomerizaticn, LS eee = number of bonds ruptured on 


chain transfer, N. = number of bonds per gram of the polyger at the 


degradation projucts are 


rate, 
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nonent to). Phe number cf bonds ruptured on depolymerization equals 


that of monomer nolecules formed: (QN =» mon (mon = monomer} (1), and 
dap : 


= Ae : 7 » das 
Paes (4N yo, / dt) dmon/ dt (1°). The relation: w,.. dy of at 
= (d/dt)(01, + R,H) = - (1/#,) (4/at) (g * Bron) (2°) (Ol, = tight olefin 


(up to 330 - Cag) My = mean molecular weight of the distillate molecule, 


RH = light pareffin (up to Cx - Caos g = weight of the sclid residue 

at the momen t). holds for the isonerizatton Fate. A general relavion: 

Werang 7 7 4804 He - Wyle - 6 )/eQ]*} (sh/3t) - (E/e,)(ae/at)| (6") is 

derived for the chain transfer rate, where g, is the weight of the solid 
residue at the moment toe M the mean moleéculer weight of the solid resi- 
due at the moment t, and i the same at the moment toe These three 


quantities can ne determined experimentally. From bi. (6. and Mic cadita 


= (a/at)(AOl - 2,H) (10°) (where Aol = 01, 


) fue the chains 


+ O1 
1 $0 trans 
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transfer rate, the relation M = M. (zg - g,)/B, + ral + (,/¢,) (Aol -c1,J 
(11%) (01 = high-molecular (mono) olefin) is derived for the molecular 

weight of the polymer on the assumption that the molar quar.tities of 

olefins and paraffins in the volatile degradation products {with the 

lightest gases being subtracted) are equal to each other. There are xX 
3 references: 1 Soviet and z non-Soviet. The two references to English- 
language publications reag as follows: H. Simha, L.- A. Hail, P. J. Blatz, 

J. Polymer Sci. 5, 615, 1950; H. H. G. Jellinek, Degradation of vinyl 
polymers, New York, 195). 


ASSOCIATION: Institut khimicheskoy fiziki AN SSSR (Institute of 
Chemical Physics of the AS USSR) 
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hydrogen and nitrogen nuclei. If the magnetic moment of an unpaired 
electron interacts only with one proton whose spin is 1/2, the epr spec. 
trum will show a doublet. Interaction of an unpaired electron with two 
hydrogen atoms of the benzene ring in meta-position results in a triplet 
structure of the epr spectrum. Interaction of the unpaired electron with 
three hydrogen atoms of the methyl group in para position gives rise to a 
quadruplet structure in the epr spectrum. On weak interaction with two 
nydrogen atoms of the benzene ring in meta-position each line of the 
quadruplet is split up into three components. The interaction of the un- 
paired electron with a nitrogen nucleus whose spin is 1, gives a triplet 
in the epr spectrum The lines of this triplet are split up into 15 com- 
ponents on weak interaction of the electron with non-equivalent protons of 
the benzene ring. Even more lines were observable in the epr spectrum on 
interaction of the dislocated electron with the nitrogen nucieus anc with 
hydrogen nuclei in benzene rings arc aethoxy groups. In the absence of 
oxygen, tne radicals in question have a bng lifetime at room temperature, 
which permits the investigation of treir physical and chemical properties. 
come of the radicals can be sublimed in vacuo at m1000C without decomposi- 
tion. They form crystals on cold surfaces, and can be determined by the 
Ar 
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epr method. In co-operation with b. G. Gintsberg and B. M. Kovarskaya, 
absorption spectra of some antioxidants and their radicals were studied in 
the ultraviolet and infrared. The shift of the absorption bands from the 
ultraviolet to the visible region, observed during radical formation, @x- 
plains the coloration of their solutions and crystals. Infrared spectra 
disclosed that the intensity of the absorption line of hydroxyl at 2.8. 
is reduced with 8 partial formation of the radical and that new lines 
appear round pa & The polarographic reduction of kinetically stable 
radicals in alcohol solutions on an LiCl background was shown to be 
possible in the potential range of 0.35 - 0-45 Ve If the radical contains 
a polarographicaily active group, the free valency and this group can be 
reduced independently at corresponding potentials> The radicals in 
question cannot dimerize, presumably owing to steric hindrances. They 
are, however, able to break off the hydrogen from other molecules, @-8 
from the solvent, thus forming molecules of the initial phenols. The 
kinetics of this reaction was studied at different temperatures (90 - 
150°C). This reaction was found to be described by 4 second-order equa~ 
tion. A number of reactions between kinetically stable radicals and 
molecules of various substances in solutions were examined by the epr 
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method. These radicals can be used to investigate the reactivity of 
Various bonds. When kinetically stable radicals are used, their separa- 
tion from each other and from ordinary molecules is an extremely important 
problem which can often be solved with the aid of paper chromatography. 
This was exemplified by the separation and identification of the radicals 
formed in the oxidation of ionol (2,6-di-tert -butyl-4-methyl-phenol ) by 
this method. Ye. K, Zavoyskiy, Razuvayev, Khidekel, Gorbunova, and 

M. S. Khloplyankina and the monography by 0. A. Reutov: Teoreticheskiye 


problemy organicheskoy khimii (Theoretical Problems of Organic Chemistry), 
Izd. MGU, M., 1956, are mentioned. There are 9 figures and 7 references: 

3 Soviet and 4 non-Soviet. The two references to English-language publica- 
tions read as follows: J. K. Becconsall, S. Clough, G. Scott, Trans. 
Faraday Soc., 56, 459 (1960); Cc. Cook, J. Organ. Chem., 18, 261 (1953). 


ASSOCIATION: Institut khimicheskoy fiziki Akademii nauk SSSR (Institute 
of Chemical Physica of the Academy of Sciences USSR) 


SUBMITTED; June 22, 1961 
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Ty, 
TITLE: Oxidation of pclyzrropylene at high oxygen pressures. The 
dependence of induction reriods cn temperature and ,ressure 


PERICDICAL: Plagticheskiye nassy, no. 1¢, 1961, 3-7 


TEXT: The oxidation kinetics of ,olypropylene (FP, is closely mets 
the srotlens of thermooxidative Pr destruction and grafting of othe 
volymers onto PP. The ;resent paper deals with ane exanina*ion fo) 

induction period of PF oxidaticn at a p ef 1-120 atm, and 11C-1 


ct 


©. The 


; pth 2 es Had 
authors used igotactic Pr with a molecular weight of approxvinates) 20C uct 

rated from the commercial product by a method gescribed oy NY. 
Ne, ; 13°(1959)) At about 1350°° 
“ikhaylov_et al. (Vysokomol soyed., 1, 143 (1959, ) about 130°%, 
450 kg/em , this PF was used for aroaweing films (C.1G mm thickness, 2 

) f 

10.0 alone) _ The induction period was measured by the apparatus of : 
(detailed description see Plast. massy,; no. 10 (1961)). A certain Co 
sure wag applied to the PP film sample. Tne Newetee: nhange in react.c 
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t= +4010 4exp(43.500/7) exp [(1/p) (6-9 - 23c0/2)| (53 

experimentai conditions, 230C/T changes by 86 only. 

fraction was calculated for 120°C and substituted in 
(5) into a series and by using its first two terms, > empiri x 
(2) ig obtained. There are ) figures, 2 tables, and 


oviet and 2 non-Soviet Tre reference to the English- 


2 
reads as follows: G&G. Natta, &. } i . Severini, 


T2685 11950) 3 


Diagram of measuring a:.aratus. (1) Polymer sample 
trermostat; (4) regulating vaives; (5) standard = 
(7) membrane; (6) reaction \ (3) spac 
} illuminator; (11} giassa; (12), (13) mirrors; 
funnel. 
Vacuum; (b) oxygen 
hanges of pressure (curves 1 and 
and 2 during oxidation at 110°C 
at 12C ath. 
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Siva aee 


Kinetic tracer methsd for investigations on the mechanism of 
complex chemical and biochemical processes, Part 10: Rate 
constant of tha reaction between an acatyl radical and mole- 
cular oxygen. Zhur. fiz. khim, 35 no.$:1064-1067 My ‘61. 
(MIRA 16:7) 
1. Institut khimicheskoy fiziki AN SSSR (for Neyman, Feklisov). 
2. Gortkovskiy gosudarstvennyy universitet (for Katyushin). 
(Acstaidehyde) (Carbon oxide) 
(Chemical reaction, Rate of) 
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AUTHORS; Neyman, H. Be, Miller, v. B., Shlyapnikov, Yu. A., and 
orsuyeva, Ye. S. 


TITLE: The Dependence of the Induction Period of the Oxidation on 
the Concentration of the Antioxidant 


PERIODICAL: Doklady Akademii nauk SSSR, 1961, Vol. 136, No. 3, 
Pp. 647-650 


inhibitor is as yet not clear. The present paper therefore studies the 
effeot produced by very low concentrations of oxidation inhibitors upon 
the induction of the oxidation. According to the chain theory by N. N. 
Semenov dn/dt = wy + yn (2) is written down for the oxidation. wy is the 
rate of initiation, n is the concentration of the active centerg, y the 
factor of self-acceleration. With addition of an inhibitor, which breaks 
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Antioxidant 


dn/dt = wy + yn = kxn (3)s -dx/dt ~ kxn (4). x i8 the concentration of the 
inhibitor, k the rate Constant of ita reaction with the active centers. 


(concentration of the active centers); «= x/w T (concentration of the 
inhibitor); 0 = t/t, (time). Equations (3), (43 thus assume the form: 
dy/dQ = 1+ av. bew(5); -de/do « bev (6), a = ¥toi b= kwy 02, The 


discussion of these equations leads to the following result; 1) with 

Ky < a/b exponential growth of the active centers; with Xo >a/b low steady 
rate of the reaction. Here, y = 1/(ow,, - a) (7) holds for the 
concentration of the active centers. The induction period is finished ag 
800N &3 bKo = a. For the Purpose of checking these theoretical 
asaumption, experiments were carried out. The induction period of the 
thermal oxidation of polypropylene was determined in the presence of 
various inhibitors of the oxidation (phenolderivatives and aromatic 
amines). As an example, Fig. 3 shows the course taken by this reaction at 
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The Dependence’ of the Induction Period of $/020/61/136/003/022/027 


the Oxidation on the Concentration of the B004/B056 cae 
Antioxidant poids, 


P0,° 300 mm Hg; 190, 200, and 210°C in the presence of the antioxidant A: 


OH OH a ge eas 
i a Sma ; | ay : 
cH, Hi, : 


The induction period t is represented as a function of the concentration x 
of the inhibitor. From the inclination of the initial sections of the 
curves x, = kto/y is found. The rate constant k equals 21, 14, and 15 a 
: ke/mole.sec. for the temperatures given. For high values of x steep i 
' ; sections in Fig. 3), an activation energy of about 40,000 kcal/mole ia ; 

'?  galculated, which corresponda to the activation energies for the : a 
oxidation of hydrocarbons. The effectiveness of various oxidation 
inhibitors may be compared on the basis of k. In this way, the authors i: 
proved that at low concentrations N,N'-phenylcoyolohexyl-p-phenyicndiamine ' 
as inhibitor, with polypropylene-oxidation is more effective than the 
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inhibitor 4, There are 3 figures and 7 references: 
British, 


6 Soviat and 1 | a3) 
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AUTHORS: Buchachenko, A. L, and Neyman, W. a. 
pets, Reece Ube egnee 


TITLE: Separation of free radicals by the paper cnrom tograpny 
method 


PERIODICAL: Akademiya nauk SSSR. Doxlady, 7. '39, no, 4, 1901, 916-918 


TEXT: The authore studied the radicals of é.6-ditertiary-buty! 4-methyl- 
phenol (ionol), Hadiculs are formed by cracking of hydroxyl hydrogen, 
which, in turn, may form radicals. Soth reactions proceed Simultaneously; 
therefore, the electron paramagnetic resonance spectra tverlap. Tne 
@.p.r. spectrum of the first iono! radica? showed a yuadruplet structure 
with a distance of 11.4 oerstedg cetween the components and an intensity 
ratio of 1:3:3:1. The quédruplet resuits from interaction of an unpaired 
electron with protons of the methyl group in bara-position witn respect 
to the oxyzen atom. Each quadruplet component wan gspiift into three jines 
of an intensity ratio of 13231 (distance ‘.7 oe;, This nyperfine 
structure 1s caused by the tro equlvalent protons is he*a-pcsition in the 
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benzene ring. In order to separate the radicals by paper eaPOmatograrny, 
toluene, ethyl alcohol, or carton tetrachloride were used aa woolle phase 
(flow medium), Best Separution was attained with tne use of Ib; ethyl 
alcohol. In this case, the band of the L1onsloxide SOLutlon anowed cleur 
separation into two fronts: 4 lower orange front with xf » G, and an 
upper yellow one with Rf = 1. After drying, eacn part of tne chrom@atogran 
was investigated with an 3/]P-2 (bpy-2) spectrometer, and the e.p.r, 
Spectra were recorded, The @oPel. spectrum of the second tonel radical 
showed w doublet (1:1; distance 14.5 ®¢, in goiid state, and « triplet 
Clr2al pe G.2 oa): in vokution (benzene, toluene, CCl, }. The components of 


t 
4 


the latter are likewise 8plit into three lines each {( t2t* 3 tog ce,. The 
doublet-triplet transition was found to be reversisle. Thus, an e.p.r. 
Spectrum analysis mukes it possible to study the behevicr of radicals 

in solid or liquid states. The authors mention that the above method 

of paper chromatography nay Le used also for yeparating radical and 
molecule, Here, the first front comprises the radical, und the second, 
linmovable front, the molecule, There are q figures and 7 references: 
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3 Soviet-bloc and 4 non-Soviet-bloc. The two most recent references to 
English-language publications read as foliows: Ref. 2: «2. 0, Beecongall, 
S. Clough, G. Scott, Trans. Farad. Soc., 56, 459 (1960); Ref. 6: 

. Gordy, C. G. McCornic, J. Am. Chen. Soc., 76, 3243 (1956). 
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KHIDEKEL', M.L.; BUCHACHENKO, A.L.; RAZUVAYEV, G.A.; GORBUNOVA, L.V.; 
NEYMAN, 11.3. 


Oxidation of bona; htho2 and some of its derivatives by 
peroxide compounds. Dokl. Al SSSR 140 no.5:1096-1099 0 
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decradation of Tu(s) Derformed at 450°C Show absorption banda at 1465, 17S 
; -1 : . = 

and 2970 em characteristic of the methyl group, and at 1735 and 1250 em 

characteristic of the ester bond. The split absoration band at 1735 ean 


indicates the presence of terephthalic acii, wherez3 the solit dani xt 


1609 om”! shows free DDP to be Present, The infrare! spectry 
residue of To(s) after thermal te-radation at 450°C for 1 hour 3 
Contain Sands which are Characteristic of methyl erouns, “nereas 
c™aracteristic of the ester song are established in the infrared soectrug ee 
of the solid residue exposed to thermal derraitation at 500°C for + hour. 

These bands are lackine in the spectrum of the Product expose? to thor 1 
ne derradition at 600°° for 29 minutes, Absorption spectra of the soli: 
4 situe of Tu(s) and DDP in the rerion of 700 = 960 and 1600 cm-l 4x9~ ' 
: the concentration of phenyl rings increases after de-radation leading to i 
the forration of poly phenylene-like Structures, These conciusiors 

were confirmed by the Z3R spectra of the residues of thermal ‘e- 

rradation of TD(s) at 450, 500, and 600°C, A. A. Berlin and L. aA, Blyumen- 

es fel'd Vysokomolek,. soyed., 2, 1494, 1960; Zhurnal strukturnoy khimit 1, 103, 
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The pressure in 
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The authors sought to obtain kinetic data on thermooxidative 
stabilization of polyformaldehyde jn laboratory devices 
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introcaced through an opening in the alloy, the temperature in the reaction 
vessel and in the lower part of the curved tube was adjusted to + 0.5°C 

by way of a silicone oil thermostat. Fig. 3 shows the results from 

using a derivatograph on 140 mg of acetylated polyformaldehyde in the 
course of heating from 20 to 270°C at a rate of 3.3°C/min. The 

experiments showed that the kinetics of thermooxidative destruction 

were characterized by the curves for weight losses as well as by those 

for pressure increase. Whereas in the absence of oxygen the pressure 

at 145°C rises very slowly with an oxygen pressure of 600 mm He it rises 


at 145°C as follows: QP 2 fer: where cp = 0.044 nin’'. In the same 
experisent, the induction period ‘% during which the pressure rises 
slowly, is 115 min. An analysis showed that HCOH was the main product of 
thermal destruction, wherees co, COs H,0, and Hy were formed besides HCOH 


in the thermooxidative destruction. No hydroperoxide was detected 
analytically. Oxygen takes part in the oxidation of the polymer and. 
stimulates its thermal destruction.. The results indicate a self- 
accelerating chain process with degenerate branching. When either the 
partial pressure of oxygen or the temperature rises, the autocatalysis 
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: TITLE: Aging and stabilisation of po_ymers 
' 
PsnLODICaL: harnal ‘sesoyusnugs arimicheskogo obsncnustva tmnt o yi. 
ondeleyeva, 7. 7, "0. ©, 10, L64 - 172 


wh ae Investigations of tie mechanism of Gegtmiction anu stavilinavior 
a of polymers made in the USSh are discussed, a scheme of oxidation and stadiliza- 

{ “y tion of polymers is presented, and some inhibitors are recommended, .t LS 

| \, mentioned that in spite of a sucecusslul developzent of these studies many actual 
| oroblems still have to be solvec, especially the stabilization of polymers sv 

mae hign temperature, Two types of aging of polymers are cnowm - Gestimucvion 2h6 

oa structuration, Destruction e.sctec by th rinal oxidation occurs, apparently 


~ ? 
* 
vw ‘ 


according to the mechanism stated by twin, Semenov as Toliows: RH + 22 = HO; + 
initiation (I), R’ + O2 = ROO’ chain development (II), ROG + Rd = ROG + Ho (ilt, 
chain development, ROOH = RO’ + ‘Oli branching (IV), ROO’ + HOO’ = 02 + HOCK rupture 

of the chain (V). It was observed that tnermal oxidation (120-1500C) oF Lsotuc- 

| tic polypropylene fdlows this scheme, except for reaction (IV) instead of wiiien X 
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@ bimolecular reaction ROO + iti = uC + hip + Hh (VIZ takes place.  Aintt 
or po.ypropyiere - substituied picr.ols and aromatic umines) eae. athe fp 
adicals ,ROO'+ YH = ROOH + 4 (VEZ}}, thus oreasing wu : 

with inhibiting destruction of tne polymer, riowey 

tne present autnor and co-worners showed that the Simple schome 

ts not always valid, Thus, increasing temperature decreases the 
antioxidant in spite of increasing tne concentration of the Latte 

other observations could be explained witn -the assumption of a sec 

the anticxidant, i.e., initiation of polymer oxidation, Sever L spectra or 
magnetic electron resonance taren for stabilized substances incicate tre rormatsa 
of radicals by oxidation of the antioxidant used, Studies of tne kinetics or re- 
action between tri-tert-buty2 phenoxy L and n-decan, 2,',6-trimethylhepiane, oF 
ethylbenzene proved the t‘nitiation of polymer oxtietion by the reaction af tne 
antioxident radical and tne polymer according to: gig -e SEC at? LVSRE) 
wereover, cnain initiation can te erfected by reaction witn hydroperoxides 
+ HK = RO'+ HOO + XK (4) or by oxidation of the inhibitor XH + Ge = nO, +f 
The additivity rule of Senenov's mecnanism is not valid, because of tne Mieka 
etfeet of mutual intensification or tne stabilizing property or antiox: dant 
tures, Corresponding results were obtained recently by the present autior ana 
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co-vorsers innibiting polypropylene destruction by Dinary mixtures of anvioxicants, 
Several studies py other authors saowed correspondin, :esults, it Geperndcs on tre 
structure of the ther reaction (Vii (A) ce ead) 
will control the initiation. Tnus, substances destroying the peroxide wii. in- 
crease the stabilizing eirect of the antioxicant where <4), and (XI) prevail, 
while radical-capturing substances will he convenient as admixtures to stabi izers 
where reaction (VIII) plays the prevailent role. Considerin,; these principles in- 
vestigations were carried out in -aboratories of tne NIIPP, IXnF, and VUTIV and 
the Sollowiag ervective stabilizers sound for polyo:eVines: aisyiphenois, ara- 
mines, azomethy:s, hydrazines, pnusphites, and combinations o: aramines and 
phosphites with sulphur-containing compounds, Aging of PYC can be inhibited 
suitably at low temperatures with polyphenylacetyiene, and at nigh temperatures 

by polyphenylenes, or poiyazophenylenes, The eirectiveness o: stabilizers against 
thermal and/or pnotodestruction apparently depends upon the mobiiity in the po.yner, 
since nigh mobility increases the probability 0: a contact with active radicais 
and facilitates homogeneous distribution of tne stabilizer, In connection nere- 
with was studied recentiy the dirrusion of several stabilizers in polypropylene, 
polyformaldehyde, and polycaprolactam by the method of labeled atoms in the 
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meats Pretection of polyamide films, type 545 
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TITLE: Formation of inhibitor radicals in polypropylene oxidation 
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146 = 149 


PERICDICAL: Akademiya naux SS5R. 


TEXT: Lsotactic polypropylene powder with an inhibitor dissolved in 


pressed into 160Gu films (150 keg 
the films was 710° 


2 
Jom, 120°C ina cO., abtmospherg. 


alcohol was 
2 getgs= 


The inhibitor concentration of moles/kg. 
nat 20 - 250°C (heating by olowing in hot air). 
binaphthol, 2, 6-di-tert-octyl-4-methyl phencl, 

e used as inhibitors. Cwing to loss of the 


The epr spectrum was take 
oo enaphthol, 3-naphthol, 
and diphenyl amine, Phos wer 
jceals formed with epr spectra consistent 

n the model test. “& -naphthol and 
respectively }s Conjunction 
dical with the T bonds 


H atom in the hyéroxyl group, red 
with those of tha jndividual inhibitors i 


jenaphthol showed singlets (widths: 5 and 5 0@, 
of the unpaired electron (UE) on the & enaphthoxyl ré 
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Formation of inhititor ee. 
The 


ntense than tnat of “he Geradical. 
quivalent 


triplet of binaphthol is caused by the reaction of UE with to e€ 
protons. Intensive interaction of UE and the protons of the pemethyl 
group in di-octyl methyl phenol yielded a quadruplet every line of which 
was split into three lines due to {interaction with meta vrotons. On 


reacting Ph wi with peroxide radicals, Ph, NO was formed which showed A 
4 


oe) caused oy reaction of Us with the x! 
s split into 45 lines due to interaction with 
f the benzene ring. The hyperfine stcucture 
ged by m-protons. In the initial 

lytic character. 


of the naphthyl ring is more i 


uniform triplet (width 10.3 
nucleus. Every component wa 
the o-protons and p-protons 0 
occurring with greater dilution is cau 
section, the radical concentratica curves were of autocata 
The concentration then increases and goes througn a maximum. Comparison 
with polypropylene powder containing an inhibitor showed its induction 
perioa to be considerably reduced. The inhibitor efficiency thus depends 
on its introduction into the polymer. As compared with-v -navhthol, the 
radical concentration in the presence of B-naphthol was lower according to 
the lower stability of $-naphthol radicals. The sane holds for all aoove 
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es The majority of radicals are formed by chain rupture duri 
am ee a complicated process with degenerate branches. N B. Ney s. 
Hee are ties might yield quantitative data on the Winoeten 3 ° 
I 8 own an i ‘ 
umption and 0. absorption. ‘ffhere are 2 figures and 4 


references 3 Sov let and ] non- vi er er e (6) he n lish- 
angus: . . n So iet. Th ef enc t . & i 
Guage publication reads as foilows: QO. Ge Harle J R T na 
, . . An aS, 


J. Am. Chem. Soc., 79, 2973 (1957), 


PRESENTED: October 9, 1961, by V. ON. Kondrat'yev, Academician 


SUBMITTED: October 9, 1461 
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TEXT; The initial stage of cis- and trans-polyisopre 
60 irradiation was studied. The appearance and 


radicals was ascertained by recording the epr 
trum with a signal width of 14 oersteds was 


observed on trans-pelyisoprene 4 


vacuo. The structure of the rad 
ag formed by separation of a hydrogen atom from 


At -196°C, irradiated trans-polyisoprene showed 
a broad singlet due to auperposition of various radical spectra. 
was admitted to the ampoule at room temp 
over into a peroxide spectrum. No epr spe 
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ne gtructuration 


fter irradiation at room temperature in 
ical causing this signal could not be 


If air 


erature, the spectrum passed 
ctrum appeared in cis-poly- 
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number of cross links also proves that with increasing density of the 
network the mobility of molecular chains is impeded and the recombination 
of free radicals ig rendered difficult. There are 4 figures. 


ASSOCIATION: Nauchno-issledovatel'skiy institut rezinovoy 
promyshlennosti (Scientific Research Institute of the 
Rubber Industry). Inatitut khimicheskoy fiziki Akademii 
nauk SSSR (Institute of Chemical Physics of the Academy of 
Sciences USSR) 


PRESENTED: May 21,:1962, by V. N. Kondrat'yev, Academician 


SUBMITTED: May 25, 1962 
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TITLE: Casting of polycarbonates under preasure. 
“ SOURCE: Plastioheskiye massy, no. 6, 1963, 26-29 
t 
“TOPIO TAGS: Diflen, polycarbonate, thermal oxidation 


ABSTRACT: Tha change in xolecular weight and machanical properties of a poly- ; i 
carbonate "Diflon" under laboratory oxidation and on pressure-casting vas studied. : 
' Polycarbonates are deatroyed more repidly by pressure casting tan by therual . i 
oxidation, Apparently, this acceleration is combined vith the presence of nachani~ ; 
. cal dentrustiong ‘The minimum emcunt of time and texperature for trensforming the 3 

ooeae Gils cinswacrinving oe te shauld be used in order to reduce the extent a 
‘of destruction, Orige art. hast 9 reigese, 2 table er 2 equation. : te * 
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Me . TOPIC TAGS: . thermooxidative degradation, degradation; stabflizetion, poly- 
e '/amide, polyformaldehyde, PFA, 518-27, antioxidant, peoxineozoa, Séntover b, Be 


ABSTRACT: “A method hae bee Geveloped and used to evaluate tha effectiveness of 
a3 individual polyamide res as {as acceptors of the evolving formaidehyde) ang-their 
» Combination with various antiexidants in stabilizing FFA polyforneldehyde Spainst 
oe The methed is based on measurement af the pressure 
“, change in a special vessel enclosed in a thermostat containing a PFA sample exposed 
a to cxygen and/or heat. Psegsure Change veraus tima curves are plotted and evaluated, 
wee 860 Prelininary tests showed that at 245€ in the absence of oxygen PFA decomposes very 
mm = SLowly. With oxygen presant decomposition is much faster, shove an frduction 
“ma ce and pea forpaldehyde, carbon oxides, hydrogen, and water. Screening of 
Oe | Polyamide resing "5/0618 Wend "248-27 \eby formaldehyde-abao tion tasts showed - 
B that "56.27 $6 the best ormaldehyde Ssoron ineiowidanes tech ag "22~/6It 
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= (,2!-nothylene-bis(t-netiiy1~6-tertbuty} )-phonol) or "p-oxtneozon" [2 F-hydroxy~ 
ie Dhenylnaphthylami ne? in combination with "548-27" vare Screened by the above 
— :methad ag additives to PFA at 200C and 200 om Eg of oxygen. The most effective 

+ antioxidants in combination with "548-27" proved to he M22-16 1 ; 
oa “Ue In the case of the UO48-2F/22_ 761 combination added to PFA in 2.56 | 
_ total concentration the optimun polyamide to antioxidant ratio wag 0.6/0.4. This 
“ifigure, derived by the ‘pressure-change~curve method, was 
» ‘results of control studies of thermooxidation by thermogr 
| thermal analysis, This wor 
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7 TITLE: Investigation of the tharmooxidative decomposition of a polycarbonate “ . 


ee SOURCE: | Vysokomolekulyarnyye soyedineniya, v. 


5, noe 5, 1963, 649-654 


e ‘TOPIC TAGS: ° Di€lon, polycarbonate, thermooxidative degradation, thermooxfdative 


np decomposition Ps 


: ABSTRACT: . The thermooxidative degrada 


; 7, 4S 
The tfon of the Soviet polycarbonate "Di flonte 
» (mal. wt., 18,000) has been studied. Th ( 
i of oxygen with equipment described pre- 


« M. Kovarskaya, M. B. Yazvikova, Ae I, — ‘ 
- Sidnev, M.S. Akutin, Vysokomolek. soyed.. 3, 602, 1961). fe was found that the ~ 

, initLal rate of change of firessure in the System, i.e., the oxidation rate (W,) 
‘is directly proportional ta the oxygen pressure and increases with temperature 

- according to the law Wo = @ exp(-E/RT), where E = 36,500 kcal/mol. The. weight 
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i lose of Diflon.at 300¢ and Constant initial oxygen pressure increases Linearly 
j with €ime ‘after a certain initial period; the higher the initial pressure, che 
1 Greater the loss. Analysis of the degradation Products revealed cO,, CO, it 


| | Gerace) Hp + CH.O, and bis(hydroxyphenyl propane; hydroperoxides were not 
~f detected. ft 


i 
t 
i 
i 
i 
| 
i 


' 


: aléehyde and hydroxy i 
;. Sroups accumulate. This is confirmed by the fact that the therral stability (in | 
~ | the absence of oxygen) of oxidized Diflon ts far lower than that of the {ntitial 
al 
¢ 


_ DiEton, owing probably to the decomposition of the aldehyde groups and to addi. | 
tional -oxygen-containing 8roups which facflit 


ate ester bond cleavage. Orig. art. 
hast 10 formulas and & figures. : , 
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ne: TITLE: Benet of diethyl phosphite ts radical reactions with tritertiary butyl 
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“SOURCE: SSSR. Izv. Otdeleniye khimicheskikh naws no. 6, 1985, 1118-1120 


“‘NOPEC TAGS: diethyl phosphite, tritertiary butyl phenoxyl, dimerization, kinetic 
method, degree of solvation 


pos ABSTRACT: | The reaction of tertiary butyl: phenoxyl with diethyl phosphite praceeds 
> ae with abstraction of the phosphine hydrogen from monomeric tautomer containing 
_. pentavalent phosphorous. The rate constant in benzene at 20 degrees was found to 
- be k sub L = 1.2 x 10 sup -25 ce/sec and the equilibrium constant for the dineriza- 
tion of diethyl phosphite, K = 7.5 x 10 sup -21 cm sup -3. ‘The procedure developed 
‘provides a generai kinetic method for determining degree of solvation of the reac- 
tion center. Orig. art. has: 3 figures. 
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Chromatographic separation of the radicals formed during the 
oxidation of hydrogenated 2,2,4-trimethylquinolines, Isv, AN SSR 
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AUTHORS s Neynwan, Me Bes Fedoseyeva, T. 3.3 Chubarova, G. ¥.$ Bachachenko, he Le} 
Lebadev, Ya. 8. ee 


‘TITLE: A atudy of the radicals in irradiated polyformaldehyde 
‘ §OURCEs Vy*aokonolekulyarny*ye soyedineniya, Te Fe MOe Jy 19635 1559-1544 


“TOPIC TAGS: free radical, polyformaldehyde, eleotron paramagnetic resonance, ‘chain | 
’ ‘polymer, gamma irradiation, polymer chain/ EPR 2 IKhF spectrometer 


‘ABSTRACT: Structural and kinetic characteristics of free radicals in irradiated 
: polyforma) dehyde (PFA) were investigated. Powdered PFA was pleced in soldered and 


evacuated ampules and was subjected to gamma radiation from @& co®? source. The 
‘atudy of electron paramagnetic resonance (BPR) radical spectra at low temperatures | 
| 


Waa conduated on PFA irradiated at 77K with doses of 5 Xx 10° and 1x 107 roentgend. ° 
‘Spectra wore recorded on the spectrometer EPR-2 IKhF. A special eampule was used for 
‘room temperature radiation experiments. The ampule was connected to vacuum equip- | 
‘ment to allow varying gas concentrations around the specimens. Means «ere provided |. 
. for controlling the ambient air temperature. Test results indiostede 1) two types ! 
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Thermal oxidative degradation of polypropylene studied by the 
method of nuclear magnetic resonance. Vysokom.sced. 5 no.ll: 
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BUCHACHENKO, A.L.; PEYMAN, M.B.; SUKHANOVA, O.P.; MAMEDOVA, fu.G. 
Effect of solvents on the reactivity of nitrophenols of different 
structure in their reaction with the tri-tert—titylphenoxyl radical. 
Zhur.fiz.khim., 37 no.1:221-224 Ja '63. (MIRA 17:3) 
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2). AUTHOR: 


Gromov, Vs Kei Neyman, Me Bes Vakula, Ve Las Voyutekiy,: 


| <“ITLE?: (Study of the nature of the failure of a4 polymer~substrate fi" 

{. adhesive. bond by the method of tagged atome ij ae ie 

,. - SOURCE4 ah, Ve ctdicn khimf£i, ve 37, now 9, 1963, 2077-2081 

| : FORIC TAGS: adhesive bond, adhesive bond failure, bond failure, | 

>. joint. fallure, failure, polymer substrate adhesive bond, radio~ 

/  Metrie method, adhesive, tagged atom, tagged polymer, atactic . t 

i. polypropylene, tagged atactic polypropylene, substrate, nonradto-' |. 

i. active atactic polypropylene, sheet silicate glass, copper foil, 

: stripping test, adheston testing machine, TsNIKZ adhesion testing 
‘machine, band strength, radioactivity, substrate radfoactivity, 
bonding time, bonding Cemperature, micromosaic type fafLure 


- ABSTRACT: ' The failure of polymer—substrate adhesive bonds has 
been studfed by a highly sensitive radiometric methad developed 
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:. by the euthors mploying a tagged polymer. - Atactic polypropylene |. 
(molecular weights 3.x 10%) with tagged tertiary C atome yaa used 
/, a an adhesive and nonradioactive atactic petypropyhene | ehent 
| gtifeate glass, or copper foil, as a substrate. tripping tests 
on percale strips coated with the adhesive were conducted with a 
_ THNIKZ adhestfon testing machine; the radfoactivity of the stripped 
' ' gibetrates was then measured, The results are given in the form 
| Of tables and graphs. ‘The fact that all stripped substrates were 
radfoactive indicates that after bond failure a certain amount of 7 | 
i adhesive remains on the substrate. Radioactivity measurements ea 
4h showed that the quantity of adhesive remaining on the substrate . i 
~f{acreased with an tnerease fn the time and temperature of contact | 
batween adhesive and substrate during specimen preparation. It fe | 
4 assumed that: 1) the adhesive remaining as nonpolymeric substrate‘. 
fs distributed in the form of “fslets" rather than as 4 uniform 0:7 
Layer and that in such case bond failure ts “mficromosaic™ in typer {| 
2) in the case of polymeric substrates of a higher molecular 


weight with three-dimensional or supermolecular network structures 
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TITLE: Dipole moments of the diphenyl nitrogen oxide radical and 
of the. dipnenyl hydroxylamine molecule 


PERIODICAL:  Akademjya nauk SSSR. Doklady, v. 148, no. 4, 1963, 95-96 


TEXT: The molar polarization a at infinite dilution and the molar 
refraction R, for the D line of sodium of CoH, -N-C,H. (I) and of 
> § 65 


CoH. -N-CeH, (II) were determined in benzene at 25°C. The dipole moment 
' 
OH : 

an) : - 
ss calculated according to yp = 0.22 yr. - Rp: Data found for I: mp. = 
64°C, P= 24068, Ry = 55.8, » = 3.0°10-18, and for II: m.p. = 60°C, 
P= 91.8, Ry 2 5669, w= 1.3¢107'9, The discussion of these » valueas 
leads to the conclusion that no additivity exists and that u for I cannot 
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-" tnfvared ‘spuctra- of. polycarbonate and of the solid residue after dagradation at 
3! §00C showed that’ the absorption bands of the CH, group (2970, 1365, 1385 em") = 
f. .. which ave present in the initial polycarbonate are miseing in thi solid residue, 
<5) and that thie intensity of the absorption bands of the groups C=) and C-0-C (1780. 
- +: and 1259 emtl) decreases, The increase in the intensity of absorption at 1600 and 
1 goo ew, edrrasponting to the benzene ring, in the solid residue shows that the 
2: residue containg. more phenyl rings after degradation. The change fn the structure 
“> and moleculiir mobility during degradation of polycarbonate was also investigated 
py nuclear Paramagnetic resonance spectra. Here, the width of the line depends o 
‘clothe degree o£ mobility of the molecular group containing the resonant ring. At a 
iH | «temperature higher than 150C and lower than -130C, for the initial polycarbonate, | 
a composite signal ie-eeen which consists of two components: a uarrow and a wide | 
-.. band, ‘two regions of decreased width of the line from <150.to =00 and from 150 © 
"to 170C are’ found. for the initfal polycarbyiate, The narrowing of the EPR line 
at low temparatures is due to the mobility >£ the CH, groupa in the polymer, This. 
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thermaf, degradation, digsocLation energy, activation energy, intrinsic viscosity. - 


“| "ABSTRACT: “ two fractions a with Mos. 2 and Il. with 22,9) of a. low-pressure ; 
1 oantlovrangtans wive bantad. and exnarinantal data were obtained on weight Loss, 
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1 2.6, 2e2, 109 ard 1.7, respectively. 
unchanged; at 300C, the gau evolution was 


1 At 9450. the: polymer. 


| weight, of the evolved gases was close to 44, The kinetic 


“-polyise 
3450, Q (dissocdation energy) * 18.0 keal/mole; 


degradation of polypropylene is equal t 


ee _ bonds ‘per: ge sec. It-was concluded for polypropylene that | 
‘|! mat degradation of polymers cannot be explained by the concepts of the normal — 
rs ee cae Led anak al Oe mame #4 thealeanncebt of waak bonds meets certain 
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data obtained show that 
duriig: the thermal ‘degradation of. polypropylene, together with other procesees, 
marigation of the degradation. products takes place. ‘For polymer I, on the | 
| bande of the pointe cf the diagram corresponding to temperatures of 315, 330 and 
: for polymer II at the same tempera 
} tures, Q#1937 kcal/mole, Tabulated data are given for ‘the sclution of the prob- 
"dem of the case of the high rate of thermal degradation, The total rate of the 
o the sum of. the ‘rates: of depolymerizatd 


Sdomerization and chain transfer, At 345C Whas a value of 10 j 
the high rate of ther< 


ae Migas 


ruptured 


CIA-RDP86-00513R001136810( 


"APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R001136810 


L 2TH 


ACCES STON NRE 


BS ee ap ip ease wee 


APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R001136810( 


"APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R001136810 


hE ela Aba (o}/eNP(3)- “Pent foned s/an = a 9B oa 
: , ACCESEION NR: ~ ATAON9B47 pesos §/0000/68/000/000/0106/0109 a : 
2) AUTBORE Styapptioy, Yue Yu. Ay Mader, Y. Bi Ney 1, MM. Bj nj, Torsuyeva, ve. : 


TITLE: The kinetics. of. the: effect ‘of. inhibitore in oxidation reactions. age - “S 
‘Inhibitor 2, 2 -thio-bils-(4~neth: 1-6 serte-butyinl enol) ieee 


SOURCE: ‘Khimtcheakiye. ‘svoyatva. £ modifiketsiya ths (Chemical eiomntia: 
and the modification Of age ick whornt. sratays Mosca: inde Boreren: 1964, 
106- 109 ae Le 
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it butylphenol) ,_ Typ. 83-34C, abbreviated as thiobiphenol, The dependence of the | - 
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_--tavestigated as a function of temperature and oxygen pressure, The initial = 
| -Speoduct (molecular weight 25000) was obtained by bulk polymerization of ethylene 


aia 
ad 


eas Lanes : s2A(e}a/o) eee eres) ft penifoaesfseaf-t0 ae ‘an a 


om TUPLE: ‘Thermo-oxtdarive “degradation E polyethylene oxide " bot ae a 
: hat:t aaah anspor erncemecniel AE TTC, 3 


roo ts 
E ACCESSION RR: - AT4049855 oe SOS Re a4 re 
ware 2 re 
i : re is 
|) AUTHOR ‘Goglev,_ R. mre Heyman, M. Be : ee ee 

: we tae Set be 

ot 

i 


_ SOURCE: ‘Khimicheskiye pvoystva {modi fikatsiya ‘polimerov (Chemical properties 
' and the modification of polymee) sbornik statiey, Moscow, Izd-vo Nauka, 1964, ; 
: 156-159 © eas i 


x: 
¥ 
i 
es 
8 
a 

“€. 
M, 
= 
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“ABSTRACT: ‘The indus tion period of the oxidation of. polyethylene oxide (PEO). was 
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wad calculated -at 35,000 cal/mole, The data obtained for th i ee 
was calculated at 33,, ole, @ retardation of | | 
- oxidation of “PEO by antioxidants are tabulated. The induction period-at a con 
centration of antioxidant of 9:5 x 10-3 nole/kg, 135C and P92™340 3 chosen 
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TAGS: polyamide » thermal, oxidation, oxidation inhinee a. 
TOC siaank phenyl peta naphtnylamine, aera ine goa eeiee ores 
Soon taene nitric oxide, radical type stabilizer, 
piper. : j 


0] 

Ss : The inhibition of thermal oxidation of polyamides ee 
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bition of oxidation at the enc of tne induction period apparently 
depends on the remaining unspen: antioxidant. Unlike the aromatic 
amines, the free radical inhibitors retard the oxidation of polyam- 
ides until they are completely consumed. At the end of the induc- 
tion veriod the rate of oxidation with these radical inhibitors 
approaches the rate of oxidavion of the uninhibited polymer. Orig. 
art. has: 8 figures and 2 formulas. 
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TITLE: The use of stable radicals as antioxidants 


SOURCE: AN SSSR. Izvestiya. Seriya khimicheskaya, no. 7, 1964, 
1178-1184 


TOPIC TAGS: antioxidant, free radical, nitroxide, acetoneamine, 
polymer stabilization, polymeric material, polyformaldehyde 
stabilization, polyamide 68 stabilization, polypropylene stabilization 


ABSTRACT: The authors had previously found that a new type of anti- 
oxidant — the nitroxides — terminate the oxidation chain reaction 
without increasing the probability of branching of the reaction 
chains. These new antioxidants contain a =N-O+ group with a free- 
radical valence. The simplest nitroxide was synthesized from acetone 
and ammonia by the catalytic oxidation of the intermediate triacetone~ 
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where Me represents the CH, group. Further, a series of aromatic 
nitroxides of the type 


Ar ~ N - Ar 


| 


0 


was prepared, where Ar designates a substituted aromatic radical 

with alkyl and alkoxy substituents. The previous experiments of the 
authors, in which ethylbenzene was oxidized by air in the presence 

of azobisisobutyronitrile used as the chain initiLator, tndicated that 
the nitroxide radicals of the triacetoneamine series practically do 
not react with the formed hydroperoxide radicals ROO. However, 

when oxygen was excluded and replaced by helium, the reaction of 
nitroxide free racicals with hydrocarbon radicals R* took place. 
Similar behavior of nitroxide radicals was observed also in the oxi- 
dation of fsotactic polypropylene in films; it was found that nitroxide 
radicals accelerated the decomposition of hydroperoxida (which 
results in branching of the chain) only 30%, while the aro- 
matic amines which are also used as antioxidants accelerated this 
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decomposition by 30—-40 times. Experiments with the oxidation of 
polyamide-68 at 160C and 200 mm Hg oxygen pressure indicated that 
pis-2,2,6,6,-tetramethyl-4-ethyl-4-hydroxypiperidine nitroxide 
produced an induction period of approximately 200 min, i.e., equal 

to that produced by one of the most effective antioxidants — Neozone 
D. In experiments involving the thermooxidative decomposition of 
polyformaldehyde the nitroxide radical was to be combined with a poly~ 
amide to bind the evolving formaldehyde. An increase in nitroxide 
antioxidant concentration produces an increase in the induction 
period, and saturation is attained after the initial increase of the 
| effect. The authors state that the effectiveness of the nitroxide 

1 | antioxidants depends on the structure of the compounds; however, the 
reaction found by the authors for their synthesis of nitroxides maxes 
it »ossible to prepare a variety of these antioxidants, including 
comaounds with low volatility and high antioxidant effectiveness, 
Some water-soluble nitroxides might be of interest for biochemical 
studies; aromatic nitroxides are promising antioxidants for rubber. 
Orig. art. has: IL1 figures. 
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thoy's, studied the thermooxidative degradation of the simplest poly-. pA 
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‘of the. accumulation of hydroperoxides, during the oxidafion of © © 0 5 
Z tudjed by the fodometric method:at 180 (pqy'= 200 mm Hg); here, 
-; the maxiimiun ‘peroxide coticentration corresponda to the mastimurn oxidation rate. - It can - a 


be concliided that ths Guikition of polyxcrylic ester proceede as a chain reaction with the 
. formatio hh of hydroperoxide, the cecompci isition of which leads to degenerated branching, 
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dimensional network on free radical annihilation process in 
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SOURCE: Vy"aokonolokulyarny*ye soyedineniya, v. 6, no. 2, 1964, 241-246 


TOPIC VAGS: free radical, sodium-butadiene, thermal vulcanizate, EPR apactra, 
irradiated specimen, chain segnent, activation energy, pre-exponential factor 


ABSTRACT: The kinetio properties of free radicals formed in Ped eapeetige §n001136 
Seen APPROVED! PORCRELEAS Exd fonda yatidya3deg2 Wor ofebas 5 aed 
been investigated by the EPR method. The theraal vulcanizate waa obtained by pEe~ 
liminary heating of the purified polipmer in the press at 220C and under 50 t/cn' 
pressures from § to 60 hovra. The specimen was irradiated in vacuum at -196C from 
a Co60 gource of 25 Mrai dose. The EPR spectra of the irradiated specimen were 
obtained on the EPR-2 IxhF aN ssaR instrument at -196C in 20 to 100 intorvale. It 
is shown that formation of « three-dimensicnel network prolongs the lifetime of the - - 
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lexptaved radicals. The rate of annihilation of these radicals decreases with | 
increase in the number of oroas~linkeges. The rate for the sane network density is ' 
‘limited by the mobility of the various chain seguents. Furthermore, the activation 
‘energies and pre-exponential factors for the ‘aunihilation of free Tadicala in 
'“mobile" and “sluggish” regions of the chain have been determined. Orig. art. hage 
‘5 figures end 1 table. : 
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; TITLE: Thermo-oxidative degradation of polypropylene oxide 


SOURCE: Vy*sokomolekulyarny*ye soyecineniya, v. 6, no. 8, 1964, 1391-1393 


' TOPIC TAGS: oxidation, oxidative degradation, polymer oxidation, polypropylene, 
, polypropylene oxide, propylene oxide, antioxidant 


ABSTRACT: The duration of the induction time (77) of the reaction as a function of tempe7= 
ature, oxygen pressure and the presence of antioxidants was investigated in a study of the 
, oxidative degradation polypropylene oxide, using a method described in an earlier 
' paper. The polymer, with a melting point of 69C and a molecular weight of 40,000, wa: 
| prepared by catalytic polymerization of propylene oxide in the presence of ferric chloride 
’ - and purified by repeated precipitation by water from an acetone solution acidified with 
hydrochloric ucid. The effective activation energy for the oxidation of the polymer, found 
from a curve of lgt va. 1/T, is 22 kcal/mol. The induction time was inversely proportional 
to both temperature and oxygen pressure; yielding hyperbolic curves. Curves showing 
the retardation of the oxidation by additions of 2, 2-methylen2-bis-(4-methyl-6-tert. -butyl 
tard 1/3 
aa 
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